Introduction
Randomized controlled trials have shown that multidisciplinary inpatient rehabilitation programs improve dyspnea scores and exercise tolerance between the day of admission and the day of discharge in patients with moderate chronic obstructive pulmonary disease (COPD) [1 -3] . These programs also improve selfperceptions such as quality of life scores [1, 4, 5] perceived competence to walk [4, 5] , self-esteem [6, 7] , and coping strategies [8, 9] . None of the studies to date, however, has investigated the stability of these perceived dimensions at home before and after the rehabilitation program.
The low initial scores on admission may be due to the fatigue engendered by a long trip to the hospital or to anxieties about hospitalization. They may also be due to symptom exacerbation, such as increased RESEARCH PAPER Daily functioning of dyspnea, self-esteem and physical self in patients with moderate COPD before, during and after a first inpatient rehabilitation program GREGORY NINOT 1 dyspnea, wheezing, cough, sputum production, and worsened gas exchange [10] . Indeed, many factors interfere with the maintenance of stable selfevaluative perceptions, and patients with COPD have been particularly noted to underestimate their questionnaire ratings [7] . Studies based on a daily assessment protocol have repeated the measures several months after rehabilitation. No clear consensus has emerged from these studies [5] . The data suggest either a progressive or sudden decrease in the self-perceptions in patients at six months [11] , one year [12] or two years [4] . After an inpatient rehabilitation program, the high scores on discharge day may be overestimations designed to ''thank'' the rehabilitation team and, if this is the case, they are destined to quickly decrease with the end of nursing care. Few days after the end of a rehabilitation program, the decrease may be due to internal factors such as highly fatigue due to degree of difficulty of exercise, exacerbation, age, anxiety, lack of motivation (being too busy or lacking interest), personal belief (be reminders of the irreversibility of respiratory disease), ineffective adherence to medications and health-care activities, or to external factors such as setting and social support.
Recent research has emphasized an important characteristic of self-perception: Instability [13, 14] . For example, individuals with unstable self-esteem show more extreme emotional and behavioral reactions to events involving threats to self-esteem than people with stable self-esteem. These individuals also experience anger and hostility more often [15] . The instability of self-esteem reveals central information about depression [15, 16] and quality of life changes [17] . An approach that has been used effectively in research investigating stability in self-perception is dynamical psychology [14] . The theoretical approach, methodological principles and psychometric instruments adapted to time series need to be appropriate. The theoretical approach focuses not only on self-perception scores as in classic research (mean score), but also on intra-individual instability (standard deviation or range). Self-esteem is considered as a complex system subjected to several constraints over time, and time series analysis is an appropriate and highly informative means to go beyond the limits of inter-individual studies in order to extract new data on intra-individual instability. Dynamical social psychology requires standardized measures to construct time series [14] . Since the repeated measures need to be numerous and regular, short inventories are best suited to assess day-to-day self-perceptions. The instruments need to be easy to use, sensitive, reliable and valid [18, 19] .
To our knowledge, no researcher has examined the instability of self-perceptions in patients with COPD over a rehabilitation period. The stability in perceived physical abilities, global self-esteem and dyspnea during the post-rehabilitation period in comparison with the pre-rehabilitation period could indicate a significant change over time demonstrating the abilities to cope with effort constraints. The present study assessed the day-to-day instability of dyspnea, global self-esteem and physical condition in patients with moderate COPD over three months, including during a four-week rehabilitation program in the middle of the study period. The purpose was to examine whether inpatient rehabilitation programs not only increase of self-perception scores but also reduce their instability over time.
Methods

Patients
Twenty-three consecutive patients with moderate COPD took part in this study (63.9 + 6.6 years). Patients were included in the study if their forced expiratory volume in one second (FEV 1 ), measured at a time of clinical stability, was less than 60% of the predicted value with less than 20% reversibility in response to a b-agonist (FEV 1 ¼ 55.8 + 13.2%, FEV 1 /FVC ¼ 64.8 + 17.4%). A patient was defined as having stable moderate disease if he or she had had no change in symptoms or medication for two months before entry. Patients were for the most part ex-smokers (75%). Most were not working (83%) due to long-term disease or retirement. The marital status was 80% married or living together, 10% divorced, and 10% single.
Patients were excluded if they were oxygendependent or if they had a pharmacologically treated psychiatric disorder that would affect psychological function. The protocol was approved by the institutional review board of the rehabilitation center and all patients gave informed written consent to participate.
Study design
All patients were participating for the first time in an inpatient rehabilitation program based on individualized exercise training. Each of them completed a brief questionnaire on a single page of a personal week notepad twice a day between 7:00 and 9:00 (a.m. and p.m.) over three four-week periods: Before, during, and after the rehabilitation program. The participants handed into the researcher at the end of four week periods (rehabilitation admission and discharge) and mailed the last four notepad. Each page of the week notepad presented seven randomized items: Six items from the Physical Self Inventory-6 (PSI6) [18] , and one for perceived dyspnea. The participants based their responses on how they felt at the moment they were completing each form. They assessed their immediate feelings of self-perception. Therefore, we collected 168 consecutive observations per scale for the individual time series. We did not use method to reduce the missing data. If a period had more than 5% of missing data, we planned to exclude the participant (cut-off point). Nevertheless, the compliance of the patients to the short questionnaire was entire (from 4.1 to 0% of missing data). Three patients refused to participate in the study. The analysis of the individual time series was appropriate to determine the individual resistance to environmental stimuli per period [16] .
Rehabilitation program
The patients participated in the rehabilitation program five days per week in small groups of eight to ten. The program lasted for four successive weeks and included the following: (a) individualized exercise training (4 hours per day) [20] ; (b) respiratory therapy with aerosol and/or drainage (1 h per day); (c) health education (2 h per week) with information on pulmonary disease, medications, and healthful daily living strategies; (d) psychosocial support (discussion group 1 h per week); and (e) dietary monitoring (1 h per week). The training included cycling, walking, general exercises, and relaxation. The cycling component consisted of 45 min on a cycle ergometer with three successive pedaling periods of 10 min separated by 5 min of active recovery. The exercise intensity was individualized and determined by the heart rate corresponding to the ventilatory threshold (Vth) assessed during an incremental exercise test. After cycling, the patients stretched for 10 min and then relaxed for 30 min. The second component was 2 h of nature walking with 45 min at Vth intensity and 1.15 h at lower walking speed. Cycling, general exercises, and relaxation were done in the same half-day, and walking was done in the other half-day.
Measurement instruments
Self-esteem and physical self. The PSI6, which has been validated in French, was used to assess global self-esteem and physical self [18] . This instrument is a six-item questionnaire scored with a visual analogue scale: Under each item is a single 10-cm horizontal line without formal indications that can be scored from ''not at all'' (marked at 0.0 cm) to ''absolutely'' (marked at 10.0 cm). A single-item measure eliminates item redundancy and therefore reduces fatigue, frustration, and boredom associated with answering highly similar item repeatedly [19] . This instrument measures six hierarchically organized dimensions [18, 21] . The apex of the hierarchy is occupied by global self-esteem, the feeling that everyone has about his or her own value. The median level is occupied by physical self-worth, which reflects general feelings of satisfaction and confidence about the physical domain of self. Physical self-worth is then decomposed into four subdomains. Physical condition reflects the evaluation of physical condition. Sport competence corresponds to perceptions about sport and athletic ability. Physical strength represents perceived strength and muscle development. Attractive body is related to perceived appearance. The PSI6 is specifically designed to allow repeated administration and reveal stability in self-esteem and physical self. This instrument was proven to reproduce the hierarchical structure of the corresponding multi-item inventories using correlations and partial correlations, factor analysis, and confirmatory factor analysis [21, 22] , as well as for its external validity [21] .
Dyspnea. One specific item about dyspnea was added to each inventory in order to measure current dyspnea. The patient thus made a vertical mark on the corresponding horizontal line anywhere from 0.0 for ''no breathlessness'' to 10.0 cm for ''complete breathlessness''.
Exercise tolerance. The exercise tolerance of each patient was assessed by the six-minute walk test (6MWT) on the admission and discharge days. Because of the documented influence of test familiarization, a 6MWT protocol comprising two repetitions was chosen to provide relatively reproducible results [12, 20] . Each patient performed the 6MWT in an empty, level, 20-m hospital corridor. Each 6MWT was supervised by a physical therapist who provided standardized encouragement but did not walk alongside the patient. Before the first test, the patient's pulse and respiratory rate were measured to establish baseline values; they were measured again before the second test to verify that the values had returned to baseline. The greater distance covered in the two 6MWTs was retained for data analysis.
Statistical analysis
Data are reported as the group means of the individual time series from each period for each subjective dimension + standard deviation (SD). One-way analyses of variance (ANOVA) for repeated measures were employed to assess changes between means, standard deviations, and ranges across the four-week periods (before, during, and after rehabilitation). All variables were tested for normality with the Shapiro-Wilk test.
For home pre-admission and home post-discharge periods, the Pearson correlation test was conducted between the time series for the self-perception dimensions and dyspnea. Paired Student's t-tests were used to compare 6MWT performance between admission and discharge. A p value of 50.05 was considered significant for these analyses. Table III ). The results based on comparison between the group means of the individual ranges over the three periods showed a significant decrease in dyspnea between the inpatient rehabilitation period and the home discharge period.
Results
Exercise tolerance and dyspnea
At home before rehabilitation, significant correlations were obtained between the time series for dyspnea and for global self-esteem (r ¼ 70. Figure 1 illustrates the findings of individual changes in dyspnea and perceived physical condition.
Level of self-perceptions
The ANOVA performed on the PSI6 scales revealed a significant effect on time: global self-esteem [F (2, Each dimension measured by the PSI6 showed a significant increase in the mean score between the before and after periods of inpatient rehabilitation, and between before rehabilitation and during rehabilitation ( Table I ). The sub-domains related to perceived physical abilities (physical condition, sport competence, and physical strength), physical self-worth, and global self-esteem increased between the rehabilitation period and the post-discharge home period. 
Instability of self-perception
The The results based on comparison between the group means of the individual standard deviations over the three periods showed a significant decrease in sub-domain scores, physical self-worth, and global self-esteem between the inpatient rehabilitation period and the home post-discharge period (Table II) . Decreased instability was also observed between the two home periods for physical self-worth. Only instability in the perception of sport competence significantly increased between the home period before rehabilitation and the rehabilitation program. Sub-domain scores related to physical abilities, physical self-worth, and dyspnea showed significant decreases between the inpatient rehabilitation period and the home discharge period (Table III) . Decreased instability was also observed between the two home periods for physical self-worth and attractive body.
Discussion
Patients with moderate COPD participating in their first inpatient rehabilitation program showed significantly decreased instability in specific perceived Data are means (SD). NS, non-significant; *p 5 0.05; **p 5 0.01; ***p 5 0.001 (obtained with the Scheffé test); P1, 4-week home period, pre-rehabilitation; P2, 4-week period of inpatient rehabilitation; P3, 4-week period, post-rehabilitation. Figure 1 . Dynamic change in dyspnea and perceived physical condition in a COPD patient with moderate COPD over 3 consecutive periods of 4 weeks (home, inpatient rehabilitation program, and home). The patient scored twice a day, between 7:00 and 9:00 (a.m.) and between 7:00 and 9:00 (p.m.) on a 10-cm visual analogue scale.
dimensions, as well as increases in these scores during the first month post-discharge. During the month at home before the program, the inventory results agreed with previous studies [7, 9] demonstrating that COPD patients suffer from low global self-esteem (scores in the bottom half of the scale) [18, 24] compared to healthy population (mean level ¼ 7.22, SD ¼ 0.70, minimal mean level ¼ 5.18, maximal mean level ¼ 9.11) [18, 25] . Individuals with low self-esteem report more negative emotions [26] and greater sensitivity to negative events [16] . Moreover, the results highlighted the acute individual instability of self-esteem and the physical self dimensions compared to sedentary adults (mean of SD whatever the dimension ¼ 0.60, SD ¼ 0.70, minimal mean of SD whatever the dimension ¼ 0.29, maximal mean of SD whatever the dimension ¼ 0.82) [18, 25] . This instability could reflect a certain vulnerability to the impact of daily events. People with unstable self-esteem show more extreme emotional and behavioural reactions to events involving threats to self-esteem. For example, people with unstable self-esteem experience more anger and hostility than others do [15] . Both affect physical self-perceptions (except attractive body) and suggest a depressive episode [16, 17] . In COPD patients never having participated in a rehabilitation program, the literature reveals that 42% [27, 28] present a clinical depression compared to 5 -10% of a normal population [29] . The weak and changeable self-perceptions may have three origins: (a) Chronicity may be a cause, as for example in patients who have been coping with COPD for at least 10 years. The decreased general functioning and the limitation of physical abilities may influence the accuracy of self-evaluations, with patients under-or overestimating their physical abilities in a random manner; (b) Fear of dyspnea, anxiety, and passive coping strategies [30] encourage the loss of a sense of self. Patients with COPD adopt emotional and avoidance coping strategies preferentially to active coping [31] . They lay emphasis on decreasing precipitate situations and avoid uncontrollable activities [32] . They try to calculate and plan every behavior in order to act with minimal effort and to control their setting [28] ; (c) Lastly, these patients are restricted in many ordinary life functions (work, finances, leisure, and so on) and are more vulnerable to social isolation [33] . The consequences of weak and fluctuating perceptions of their physical abilities include greater risks of depressive and sedentary behavior, as well as greater risks of cardiovascular disease, social dependence, worsened quality of life, abuse of medication, and hospital readmission [34] . Further studies are needed to explore these assumptions.
This study based on intra-individual observations suggested that a first-time inpatient rehabilitation program improved dyspnea and increased global self-esteem and physical self scores in patients with moderate COPD. The findings support previous research indicating the beneficial effects of rehabilitation on dyspnea [1, 3] , perceived walking abilities [4, 5] , and global self-esteem [6, 7] .
The rehabilitation program was reality-based, and it placed emphasis on residual physical abilities and not just respiratory disabilities. Attention was focused on improving exercise tolerance, desensitization to dyspnea and ways to limit reliance on avoidance coping strategies [31] . The high correlation between exercise tolerance and the physical condition sub-domain indicated that an improvement in exercise tolerance and dyspnea reinforces the corresponding sub-domain (physical condition), and then enhances physical self-worth level, and finally global self-esteem.
The most original finding of this study was the significantly greater stability in physical self-worth during the post-rehabilitation period in comparison with the pre-rehabilitation period. This change indicates a desire to maintain a positive and stable perception of one's physical competence, and thus, a prime motivation for controlling shortness of breath [7] and exercising regularly [21] . Multidisciplinary rehabilitation programs are founded on methodic principles. Participants with moderate COPD are taught to limit emotional overreactions and to try to understand and control every stressor (such as dyspnea) by using active coping. A first rehabilitation program functions as a constraint that begins by challenging existing perceptions of physical self and then proceeds by rebuilding these perceptions from a more accurate viewpoint. Nevertheless, the instability of physical self-subdomains did not decrease significantly between the two home periods (expect attractive body for range). This result can indicate difficulties to distinguish improvements on physical abilities (strength, endurance and motor skills) during only one rehabilitation session.
Global self-esteem, however, although it increased between the two home periods, remained unstable on a day-to-day basis. This may indicate that a depressive status will not change in long term, as reported in the literature [2, 4, 7] . A first-time inpatient rehabilitation program notably improves perceptions of physical self-worth, but if exercise is not continued at home or if exacerbations reoccur, self-esteem will automatically decrease. We can assume that the first rehabilitation program massively influences the cognitive part of self-perceptions, particularly those related to the concrete aspects of the self such as the physical dimensions [23] . In contrast, global perceptions are more closely related to emotions and thus provoke active resistance to change.
For rehabilitation specialists, the study indicated that a first-time inpatient rehabilitation program had effects on perceptions in the concrete domain of physical self-worth, and that the effects lasted at least one month post-discharge. Improved perceptions of one's physical abilities and greater stability in physical self-worth should play a major role in reducing the severity of COPD symptoms, as earlier research has shown that positive and stable perceptions of one's physical abilities is the prime motivating factor for controlling shortness of breath and continuing regular exercise at home [7] . Sessions that desensitize patients to their fear of dyspnea, teach specific exercises, and provide health education and psychosocial group support respectively help them to control effort, improve exercise tolerance, and understand disease functioning and physical limits. The limits to reduce the instability of selfesteem and physical subdomains scores suggest that patients will fail to recall elements of potentially important medical advice and that a second rehabilitation program could be developed to focus more specifically on stabilizing self-esteem and distinguishing physical abilities. This program will be focus on change of status of patient with non acute disease but chronic disease and on maintain effects following rehabilitation with self-management practice and adherence to treatment protocol after discharge.
To conclude, a first program of inpatient rehabilitation increased global self-esteem and perceptions of physical abilities and stabilized physical self-worth in patients with mild to moderate COPD. Randomized controlled trials are needed to confirm these changes. Longitudinal investigations will be useful to determine the programs that best develop the stability of concrete self-perceptions and promote adherence to rehabilitation program [35] .
